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ABSTRAK 
 
Sebuah pengumpul polimer komersil yang terdapat dipasaran digunakan bagi 
pembinaan pengumpul fotovoltan terma (PVT) polimer. Pengumpul PVT polimer 
tersebut diuji pada keadaan lapangan bagi menentukan prestasi. Fotovoltan jenis 
monohablur digunakan pada permukaan atas pengumpul polimer. Lapisan penebat 
berketebalan 10 mm dipasang pada permukaan bawah pengumpul PVT bagi 
mengelakkan kehilangan haba. Ujikaji lapangan dijalankan mengikut piawaian 
ASHRAE 93-2010. Dua jenis ujikaji kecekapan dijalankan bagi pengumpul polimer 
dan fotovoltan terma polimer. Ujian pertama adalah pada keadaan mantap bagi 
mendapatkan kecekapan terma dalam bentuk persamaan garis lurus manakala ujikaji 
kedua adalah pada keadaan fana bagi menentukan kecekapan terma, elektrik, 
keseluruhan dan suhu air keluaran. Ujikaji pada keadaan fana dijalankan dari 10.00 
pagi hingga 4.00 petang pada kadar alir jisim malar menggunakan tangki simpanan 
berkapasiti 455 liter. Data direkodkan setiap 30 saat menggunakan sistem perolehan 
data. Model matematik dibangunkan bagi setiap pengumpul dan simulasi dijalankan 
bagi menentukan kecekapan terma dan suhu air keluaran. Model matematik telah 
dibangunkan menggunakan kaedah kesimbangan tenaga bagi meramal kecekapan 
setiap pengumpul pada keadaan mantap. Kecekapan maksima bagi pengumpul 
polimer dan pengumpul PVT polimer ialah 0.862 dan 0.402. Kecekapan terma pada 
keadaan fana bagi pengumpul polimer ialah 35.01% hingga 61.40%. Manakala 
kecekapan terma, elektrik dan keseluruhan pengumpul PVT polimer pada keadaan 
fana ialah 21.40-42.52%, 14.18-15.10% dan 34.40-56.70%. Berdasarkan keputusan 
pada suhu air tangki, pengumpul polimer mampu menghasilkan air panas dalam julat 
45.5 °C hingga 49 °C manakala pengumpul PVT polimer menghasilkan air panas 
dalam julat 39 °C  C hingga 45 °C pada kadar alir jisim yang malar pada julat antara 
0.04 kg/s hingga 0.12 kg/s. Ralat keputusan ujikaji dan model matematik bagi 
pengumpul polimer dan pengumpul PVT polimer masing – masing ialah 8.8 % dan 
6.1 %. Keputusan simulasi menunjukkan suhu air keluaran dan kecekapan terma bagi 
satu unit pengumpul polimer bersamaan dua unit pengumpul PVT polimer pada 
keadaan persekitaran dan opearasi yang sama. Kesimpulannya, pengumpul polimer 
dan pengumpul PVT polimer telah berjaya dibangunkan dan kedua-dua pengumpul 
sesuai bagi aplikasi terma yang rendah seperti pemanasan air domestik dan pemanasan 
kolam di Malaysia. 
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ABSTRACT 
 
A commercially available polymer collector was used to develop a photovoltaic 
themal (PVT) collector, which was tested under a field test to evaluate its 
performance. A monocrystalline photovoltaic (PV) was used on the top surface of 
polymer collector. A 10 mm insulation material was installed to prevent heat loss of 
the PVT collector. The experiment was conducted following the ASHRAE standard 
93-2010. Two types of experiment for each collector was conducted; first, to 
determine the thermal efficiency under steady state condition and second, to determine 
thermal efficiency, electrical efficiency, overall efficiency and hot water generated 
under transient condition during one-day operation from 10.00 am to 4.00 pm. The 
test was conducted at constant mass flow rate using a 455 L storage tank. The data 
were recorded every 30 seconds by using a data logging system. A mathematical 
model were developed for each collector and simulation performed to determine the 
thermal efficiency and outlet water temperature. A mathematical model was 
developed using energy balance equation to predict the performance of each collector 
under steady state condition. The maximum thermal efficiency for polymer collector 
and PVT polymer collector were 0.862 and 0.402, respectively. The thermal 
efficiency under transient condition for polymer collector was 35.01% until 61.40% 
while the thermal efficiency, electrical, overall efficiency of PVT polymer collector 
were 21.40-42.52%, 14.18-15.10% and 34.40-56.70% respectively. The storage tank 
of polymer collector can generate hot water in the range of 45.5 °C to 49 °C while 
PVT polymer collector in the range of 39.5 °C to 49 °C with constant mass flow rate 
ranging from 0.04 kg/s to 0.12 kg/s during the testing day. Results from the 
experiment and mathematical model for each collector were in good agreement with 
the experiment; the errors for the polymer collector and PVT polymer collector were 
8.8% and 6.1%, respectively. Simulation results show that the outlet water 
temperature and thermal efficiency for one polymer collector was equivalent to two 
PVT polymer collectors connected in series under the same environment and 
operating conditions. In conclusion, the polymer collector and developed PVT 
polymer collector are suitable for application in low-range temperature, such as 
domestic water and pool heating in Malaysia. 
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SENARAI SIMBOL 
 
A  luas, (m2) 
Cp  muatan haba tentu bendalir, (J/kg.K) 
Do  diameter, (m) 
Di   diameter dalam, (m) 
e  sisihan min punca kuasa dua 
FF  faktor isi 
F12  faktor pandang dari permukaan 1 ke permukaan 
2 
FR  faktor peralihan haba 
F’  kecekapan pengumpul 
G  jarak antara tiub, (m) 
h  pekali pemindahan haba berolak, (W/m2K) 
IPU  indeks pencemaran udara 
Isc        arus litar pintas, (A) 
k  kekonduksian, (W/m.K) 
 L   panjang, (m) 
ṁ  kadar alir jisim, (kg/s) 
Nu  nombor Nusselt 
Pr  nombor Prandtl 
P  Kuasa, (Watt) 
Q  tenaga haba, (W) 
R  rintangan, (m2K/W) 
r  pekali sekaitan 
Re  nombor Reynolds 
S   keamatan sinaran, (W/m2) 
T   suhu, (°C) 
U  pekali kehilangan haba, (W/m2K)  
V  halaju purata (m/s) 
Voc  voltan litar terbuka, (V) 
 W   lebar, (m) 
 x   ketebalan, (m) 
 
